Serological test has become an important tool in the diagnosis of TB cases. This study focused on the analysis and comparison of antibody response to two Mycobacterium tuberculosis (MTB) antigens namely Ag85 complex and culture filtrate protein (CFP) in patients with tuberculosis. Antibody response to specific antigen was utilized as a diagnostic tool to detect active tuberculosis (TB) cases.
Introduction
Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is one of the leading cause of morbidity and death in the world. In 2015, there were about 10.4 million new TB cases worldwide and 1.4 million deaths from TB [1] . The estimated annual incidence of TB in Bangladesh is 0.362 million cases [1] . Early diagnosis and treatment of TB patients is crucial for the control of TB [2] . In developing countries, current diagnosis of TB largely relies on clinical symptoms, radiographic evidence supported by presence of acid fast bacilli in smear and isolation of MTB by culture from the clinical specimen. Direct smear is fast and cheap method but it lacks sensitivity. Culture method is more sensitive but it is cumbersome and requires longer incubation period. In the recent years, the detection of MTB-specific antibodies has become important diagnostic aid in the diagnosis of TB especially in smear-negative sputum cases [3] . It is particularly important for pediatric and extra pulmonary tuberculosis and in those unable to produce sputum. Thus the antibody assay might be of great benefit for early diagnosis and control of TB.
MTB infection can be categorized into three main stages: latent, reactivating, and active TB. Each stage represents differences in MTB gene expression and hence antibody response to MTB infection varies in different stages of tubercular infection due to presence of stage specific antigens [4] . Hsp16.3 is secreted during the latent phase of mycobacterial growth and is an important component that facilitates the survival of MTB during latent human infection [5] . Immune responses to MTB antigens ESAT6, CFP10 and Ag85B have been shown to be significantly higher in active TB than in latent TB [6] . Thus, it is rational to evaluate the antibodies to MTB antigens in serodiagnosis of active or latent TB infection. However, the proteins of MTB induce a variable degree of humoral immune responses in infected people.
Serological methods have been regarded as attractive tools for rapid diagnosis of tuberculosis due to their simplicity, rapidity and low cost. Serodiagnosis also does not require safety measures associated with handling of live bacilli as in culture and offer the possibility of detecting cases often missed by routine sputum smear microscopy. It is estimated that a rapid and widely available diagnostic assay with 85% sensitivity and 95% specificity would result in 400,000 fewer deaths each year and would greatly reduce the global health cost of TB [7] .
Antigen85 complex and CFP M. tuberculosis elicits detectable IgG response in tuberculosis patients. Sensitivity and specificity of assays utilizing Ag85 complex have been reported to range from 82-84.1% and 85.2-86% respectively [8] . Serological tests detecting IgG antibody against CFP showed sensitivity and specificity of 60.4 to 66% and 73.8 to 85.2% respectively [9] [10] [11] .
Many studies have been conducted to evaluate the humoral immune response to different tubercular antigens and to find out the ideal candidate antigens for serological test to detect active tubercular infection. The success is so far variable as antibody response to TB infection may vary due to stage of infection and the heterogeneity of the geographical background of the population [12] . Until today, there is no reported study on humoral immune response to specific MTB antigens in Bangladeshi population either in active tuberculosis patients or in healthy people. Therefore, the present study was undertaken to determine the antibody response to two different MTB antigens namely Ag85 complex and CFP in cases with active TB infection.
Materials and methods
The study was conducted in the Department of Microbiology, Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic Disorders (BIRDEM), Dhaka. Informed consent was obtained from each of the participant.
Study population: Study included thirty adult confirmed active pulmonary tuberculosis cases.
Active TB cases were confirmed by clinical features, positive AFB sputum and culture. Age and sex matched thirty healthy individuals were enrolled in the study as healthy control. All the healthy individuals were BCG vaccinated and neither they nor any of their family members had history or any sign symptoms of tuberculosis. About 5 ml of blood was collected from each participant with aseptic precautions by venipuncture. The serum was immediately separated and stored at -20 0 C until used.
Antigens: Two MTB antigens were used namely Ag85 complex and culture filtrate protein (CFP). The antigens were obtained from the Department of Microbiology, Immunology and Pathology, Colorado State University, 1682 Campus Delivery, Fort Collins, CO 80523, USA.
Detection of antibody by ELISA:
Antibody to specific MTB antigens was determined by enzyme linked immunosorbent assay (ELISA). IgM and IgG antibodies against Ag85 complex and CFP were determined. ELISA was performed as described by Voller et al [13] . Each of the antigens was diluted in carbonate/bicarbonate buffer (pH 9.6) at a concentration of 5µg/ml. The optimum working concentration of each antigen was predetermined by checkerboard method using antigen concentration of 2.5 µg/ml, 5 µg/ml and 10 µg/ml. To coat the wells of 96 well EIA microtitre plate, 100 µl of diluted antigens (5 µg/ml) was added to each well. Plate was covered with plastic cover and was incubated at 37°C for 2 hours. Then antigen coating solution was removed and the plate was washed 3 times by filling the wells with 250 µl of PBS-0.05%Tween 20 (PBS-T, pH 7.2). The wells were blocked by adding 200 µl of blocking buffer (2% BSA in PBS-T) by incubating at 4°C for overnight. Then the plate was washed 3 times with PBS-T and 100 µl of sera diluted in PBS-T with 0.1% BSA buffer (1:400 for IgM and 1:1600 for IgG) were added to each well and incubated at 37°C for 2 hrs. After incubation, the plate was washed 3 times with PBS-T. Then 100 µl of IgM or IgG anti-human-HRP conjugate was added in each well at a dilution of 1:5000 (MP Biomedicals, USA) and kept at 37°C for 2 hours. The plate was washed 3 times with PBS-T and then 50µl of TMB substrate was added in each well and kept for 30 minutes at dark at room temperature. Then 50µl of 1 M sulfuric acid was added as stop solution in each well and absorbance was read at 450nm in Human ELISA reader. Initially, checkerboard method was used to optimize the working serum dilution.
Interpretation of the result:
The concentration of antibody was expressed in OD at a particular dilution of both patient and healthy control samples. In order to diagnose active tuberculosis cases by detecting IgM and IgG antibody response against specific antigens, a cut off OD value was determined by the following formula:
Cut off OD value= Mean antibody (IgM/IgG) titer of healthy participants against specific antigen +2xSD.
Any OD value above the cut off was considered as positive for respective antibodies. Significance of difference of mean OD value of IgM and IgG antibodies against respective antigens was calculated by independent student's t test.
Results
Antibody response to Ag85 complex and CFP was determined in sera of 30 confirmed cases of tuberculosis and 30 healthy individuals. IgM and IgG response against specific antigens were determined by ELISA method and concentration of antibodies was expressed in terms of OD value. Table-1 shows the antibody response to two mycobacterial antigens. It was observed that mean OD values of serum IgM and IgG antibodies against Ag85 complex and CFP were significantly higher in patients (p<0.0001) than that of healthy control subjects. The diagnostic cut off OD values of anti-Ag85 complex IgM was 0.88 and IgG was 1.66 respectively. The cut off OD value of anti-CFP IgM was 0.77 and anti-CFP IgG was 1.36 ( Table  2 ). These cut off OD values were used to determine the seropositive cases among the confirmed tuberculosis cases. 
Discussion
Although culture is regarded as the gold standard method for diagnosing active TB, it is time consuming and requires 6-8 weeks for isolation of MTB from clinical specimen. The serological method may be an alternative tool to detect TB cases in resource limited settings because it is simple, rapid and inexpensive. It also offers the possibility of detecting cases often missed by standard sputum smear microscopy [7] . Humoral immune response to specific antigens may be used as a sero-marker to diagnose active TB cases as well as to understand their role in immunity or susceptibility to infection. In view of this, attempt has been made in this study to determine the humoral immune response to defined mycobacterial antigens. In the present study, 30 confirmed cases of tuberculosis and 30 healthy individuals were randomly selected to detect the IgM and IgG antibody against two mycobacterial antigens namely, Ag85 complex and culture filtrate protein.
Anti-Ag85 IgM and IgG response was found significantly higher (p< 0.0001) among patients with active tuberculosis compared to that of healthy control individuals indicating that host induced antibody response to Ag85 (Table-1 ). Similar significantly higher IgM and IgG response was observed for CFP in active tuberculosis cases. The presence of low level of IgM and IgG antibodies against CFP in the sera of healthy subjects could be due to exposure to mycobacteria early in the life. The wide spread exposure to M. tuberculosis is indicated by high percentage of tuberculin positivity rate in our population.
Attempt was made to utilize antibody responses to these antigens as serological markers for diagnosis of active TB infection. For serodiagnosis, diagnostic OD cut off value was determined by adding 2xSD to the mean OD of antibody response to respective antigens of healthy people. It was observed that among the total number of 30 patients, anti-Ag85 complexes IgM was positive in 66.67% of patients and its sensitivity and specificity was 75.0% and 96.7% respectively ( Table 3 ). The anti-Ag85 complex IgG was positive in 70.0% of patients and sensitivity and specificity was 76.9% and 93.75% respectively. However, poor sensitivity to Ag85 complex has also been reported in Malaysia population [14] . This might be due to difference in stages of infection and heterogeneity of the population in geographical background [12] . Anti-CFP IgM antibody was positive in 33.3% patients and sensitivity and specificity was 60.0% and 96.7% respectively. Anti-CFP IgG was positive in 56.7% of patients and sensitivity and specificity was 69.8% and 93.75% respectively. It appeared that IgM and IgG antibody response to Ag85 complex was better compared to that of CFP. Therefore, determination of IgM and IgG antibodies against Ag85 complex could be used as a serological marker for diagnosis of active tuberculosis in cases where other tests do not give conclusive information. It is particularly applicable in children where they are unable to provide sputum samples for either staining or culture. Further studies, are therefore, required to refine the serological tests for accurate diagnosis of active tuberculosis.
The present study has demonstrated that serological tests with specific MTB antigen may be used as an adjunct test for diagnosis of tuberculosis where other diagnostic tools are lacking or ineffective.
